Results presented here reveal that amoxicillin can greatly enhance the chemiluminescence intensity generated from the reaction between luminol and hydrogen peroxide. The increment chemiluminescence signal was linearly dependent on amoxicillin concentration in the range from 10 pg·ml −1 to 2 ng·ml −1 (r 2 = 0.9978) offering a detection limit as low as 3.5 pg·ml −1 (3σ). At a flow rate of 2.0 ml·min −1 , one analysis cycle, including sampling and washing, can be accomplished in 20 s with a relative standard deviation of less than 5%. The sensitive flow injection method was applied successfully to determine of amoxicillin in pharmaceutical preparations, human urine and serum without any pretreatment procedure, with recovery from 90.0% to 110.0% and relative standard deviations of less than 5.0%.
Introduction
Amoxicillin, 4-Thia-1-azabicyclo[3,2,1]heptane-2-carboxylic acid, 6{[amino(4-hydroxyphenyl)acetyl] amino}-3,3-dimethyl-7-oxo-, thihydrate {2s-[2 alpha; 5 alpha, 6 beta (s*)]}-, white, practically odorless, crystalline powder with molecular weight of 419.45 [1] . Owing to the ability of amoxicillin interfering with the bacteria to form cell walls that are vital for the survival of bacteria, it is used to treat infections caused by bacteria, such as pneumonia; bronchitis; gonorrhea and infection of the ears, nose, throat, urinary tract, and skin [2] .
Liquid chromatography with MS or UV detection after solid-phase extraction or multi-step liquidliquid extraction has been reported for the determination of amoxicillin [3] [4] [5] [6] [7] . Other analytical techniques including capillary electrophoresis [8] , spectrophotometry [9, 10] , and biosensors [11] [12] [13] have also been applied in the determination of amoxicillin. Chemiluminescence (CL) for determination of amoxicillin in pharmaceuticals has also been reported by using the reaction of amoxicillin with KMnO 4 in acidic medium in the presence of quinine sulfate, with a detection limit of 0.02 µg·ml −1 [14] . In this paper, it was found that amoxicillin could evidently enhance the CL generated from the reaction of luminol and hydrogen peroxide. The increment of CL signal was linear with the concentration of amoxicillin ranging from 10 pg·ml −1 to 2 ng·ml −1 with a relative standard deviation of less than 3.0%. The proposed method has a rather low limit of detection down to 3.5 pg·ml −1 , thus it was applied successfully in an assay of amoxicillin for pharmaceutical preparations, human urine and serum without any pretreatment, with recovery from 90.0% to 110.0% and relative standard deviations (RSDs) of less than 5.0%.
Experimental

Reagents
All the reagents were of analytical grade; Water purified in a Milli-Q system (Millipore, Bedford, MA, USA) was used for the preparation of solutions. Amoxicillin standard solution was obtained from Shaanxi Institute for Drug Control. Luminol (Fluka, Bilchemika) was purchased from Xi'an Medicine Purchasing and Supply Station, China. Hydrogen peroxide was obtained from Xi'an Chemical Reagent Plant.
A standard solution of amoxicillin (0.676 mg·ml −1 ) was stored at 4 • C and protected from light. Luminol was used as supplied to prepare a 2.5 × 10 −2 mol·l −1 stock standard solution by dissolving 4.40 g of luminol with 0.1 mol·l −1 sodium hydroxide to 1.0 l in a brown calibrated flask. Hydrogen peroxide (33.3%) was diluted by pure water to give a final concentration of 0.1 mol·l −1 .
Apparatus
The flow injection system used in this work is shown in Fig. 1 . A peristaltic pump (shanghai meter electromotor plant, Model ND-15, 15 rpm) was utilized to pump each of all flow streams at a flow rate of 2.0 ml·min −1 . PTFE tubing (1.0 mm i.d.) was used throughout the manifold for carrying the CL reagents. A six-way valve with loop of 100 µl was employed for sampling. The CL emission cell is a spiral glass tube (1.0 mm i.d., 15 cm length) producing a large surface area exposed to the adjacent photomultiplier tube (PMT) (Hamamatsu, Model IP28). Extreme precautions were taken to ensure that the cell compartment and the photomultiplier tube were light-tight. The CL signal produced in the CL emission cell was detected without wavelength discrimination and the PMT output was amplified and quantified by a luminosity meter (Xi'an Keri Electron Device Ltd., Model GD-1) connected to a recorder (Shanghai Dahua Instrument Plant, Model XWT-206). 
Procedures
The carrier water and the solutions (NaOH, sample, hydrogen peroxide and luminol) were propelled at a constant flow rate of 2.0 ml·min −1 on each flow line. The pump was started to wash the whole flow system until a stable baseline was recorded. The luminol solution firstly mixed with hydrogen peroxide, and then, the mixture was injected into the carrier stream by a six-way valve, which was then merged with the amoxicillin stream. The mixed solution was delivered to the CL cell in an alkaline medium, and the peak height of the CL signal was detected with the PMT and luminometer. The concentration of the sample was quantified by the increment of CL intensity (∆I = I s − I o ), where I o and I s were CL signals in the absence and in the presence of amoxicillin, respectively.
Determination of amoxicillin in pharmaceutical preparations
The preparations were purchased from the local market and weighed then grounded to a fine powder and mixed. A sample equivalent to approximately 40 mg preparations was weighed accurately and made up to 50 ml with water. As the proposed method, the sample was then diluted to the concentration with the calibration range without pretreatment.
Determination of amoxicillin in spiked human urine and serum samples
The urine samples collected from two apparently healthy male volunteers and the serum samples supplied by the Hospital of Northwest University were spiked before determination. Known quantities of amoxicillin were spiked into 1.0 ml of urine or serum to prepare the spiked samples. After homogenization, the solutions were diluted with a factor of 2 × 10 5 for urine sample and 5 × 10 5 for serum sample, and then the samples were determined by the proposed method directly.
Results and discussion
CL intensity-time profile
Before carrying out the flow injection method, the kinetic curve was examined by static method, using 5.0 × 10 −7 mol·l −1 luminol and 5.0 × 10 −5 mol·l −1 H 2 O 2 . As shown in Fig. 2 , the mixed solution of luminol and hydrogen peroxide gave an evident CL signal in alkaline medium, which reached a maximum intensity at 2 s after the mixing of reactants, and then became extinguished within 15 s thereafter. In the presence of amoxicillin (100 pg·ml −1 ), the CL intensity approached the maximum at 3 s and then vanished in the following 18 s, giving a maximum intensity 2.5-fold as that in the absence of amoxicillin.
Effects of NaOH concentration
Owing to the nature of the luminol reaction, which is more favored under alkaline conditions, NaOH was introduced into the CL cell through a flow line to improve the sensitivity of the system. The effect of NaOH concentration on CL was tested by measuring the CL intensity with a series of NaOH solutions from 0.01 to 0.25 mol·l −1 in the presence of 100 pg·ml −1 amoxicillin. The CL intensity approached a maximum at about 0.025 mol·l −1 NaOH, thus this concentration was employed in subsequent experiments. 
Effects of luminol and hydrogen peroxide concentration
The CL intensity was tested for different luminol solutions from 1.0 × 10 −10 to 1.0 × 10 −6 mol·l −1 in the presence of 100 pg·ml −1 amoxicillin. With increasing luminol concentration the CL signal increased steadily until luminol was 5.0×10 −7 mol·l −1 , after which the CL intensity tended to be stable. Therefore 5.0 × 10 −7 mol·l −1 luminol solution was selected as optimum for the present system.
The effect of hydrogen peroxide concentration on the CL intensity was also investigated in the presence of 100 pg·ml −1 over the ranges of 1.0×10 −7 -1.0×10 −4 mol·l −1 . With the increasing concentration of hydrogen peroxide, the CL intensity increased steeply and reached a maximum intensity at 5.0×10 −5 mol·l −1 of hydrogen peroxide. Then the intensity decreased considerably with hydrogen peroxide concentrations higher than 5.0×10 −5 mol·l −1 . Therefore, 5.0×10 −5 mol·l −1 hydrogen peroxide was chosen according to the experiment in the subsequent experiments.
Effect of flow rate and the length of mixing tubing
The CL intensity increased with the increase of total flow rate, and the rate of 2.0 ml·min −1 was chosen as a compromise between good precision and lower reagent consumption in the subsequent work. The length of the mixing tube was also adjusted to yield maximum light emission in the CL cell. It was observed that a 5.0 cm of mixing tube afforded the best results with regards to sensitivity and reproducibility. Accordingly, 5.0 cm was then selected as the optimum length of mixing tube.
Interference studies
The effect of foreign species was tested by analyzing a standard solution of amoxicillin (100 pg·ml −1 ) to which increasing amounts of interfering species were added. The tolerable limits of a foreign species caused a relative error of less than 5.0%, were less than 30 µg·ml −1 for glutin, barbiturate, oxalic acid, urea and acetone, 10 µg·ml −1 for starch, lactose, cellulose, stearic acid, agar, talc, citric acid, fructose and 
Applications
Determination of amoxicillin in pharmaceutical preparations
Following the procedure described above, the proposed method was applied to the determination of amoxicillin in the pharmaceutical preparations from the local market, and the results were listed in Table 1 . By adding a known amount of amoxicillin to the sample before the recommended treatment, the recovery studies were performed on each of the analyzed samples that range from 90.0% to 106.5%.
Determination of amoxicillin in spiked human urine and serum samples
The proposed CL method using luminol-hydrogen peroxide system was also used to determine amoxicillin in spiked samples of urine and serum. Seven spiked urine samples and six spiked serum samples were determined for amoxicillin by standard addition method. The results from determination of amoxicillin were listed in Tables 2 and 3 . The method was verified by determination of recoveries, which varied from 94.0% to 110.0% and from 93.7% to 104.0%. It was obvious that the proposed method was very sensitive for amoxicillin determination in biological fluids, especially in serum sample and urine sample.
Conclusion
The results obtained clearly demonstrate that the proposed method offers advantages of simplicity, rapidity, widely linear range as well as high sensitivity for the determination of amoxicillin. The satisfactory performance in an assay of amoxicillin in pharmaceutical preparations and urine and serum demonstrated that the method was practical and suitable in quality control analysis and clinical research.
